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(m)  Transverse-mode  stabilized  semiconductor  laser  diode  with  slab-coupled  waveguide. 
@  A  semiconductor  laser  diode  (10)  includes  two  semi- 
conductive  cladding  layers  (14,  18)  of  different  conductivity 
types,  which  are  stacked  on  a  substrate  (12).  An  active  layer 
(16)  of  an  undoped  semiconductor  film  is  sandwiched  be-  R^-  — 
tween  the  cladding  layers  (14,  18).  A  channel  groove  (22)  is  V5*5^ 
formed  in  a  current  blocking  layer  (20)  and  the  underlying  S ^ V ^ s .  
cladding  layer  (18),  to  be  deep  enough  to  cause  the  current  v^vJ^N^^i  —  .. 
blocking  layer  (20)  to  be  divided  into  two  parts.  A  waveguide  ^*S»?^c^N 
layer  (24)  covers  the  channel  groove  (22)  and  the  current-  ^^sT^s!/^  — 
blocking  layer  (20),  to  provide  a  slab-coupled  waveguide  ^Vvs^^v'~i  —  ' 
structure  for  transverse  mode  oscillation.  The  second  clad-  ^^v   ""*"' 
ding  layer  (18),  the  current-blocking  layer  (20),  and  the  wave-  L  > 
guide  layer  (24)  are  composed  of  gallium  arsenide  containing  ^5^ 
aluminum.  ^ s .  
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T r s n s v e r s e - r n o d e   s t a b i l i z e d   s e m i c o n d u c t o r  
l a s e r   d i o d e   wi th   s l a b - c o u p l e d   w a v e g u i d e  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  s e m i c o n d u c t o r  
l a s e r   and  in  p a r t i c u l a r ,   to  a  s e m i c o n d u c t o r   l a s e r   d i o d e  
w i t h   a  s l a b - c o u p l e d   w a v e g u i d e   s t r u c t u r e .  

R e c e n t l y ,   c o n s i d e r a b l e   e f f o r t   has  been  d e v o t e d   t o  
5  the  d e v e l o p m e n t   of  s e m i c o n d u c t o r   l a s e r   d i o d e s ,   w h i c h  

a re   in  g r o w i n g   demand  fo r   an  o p t i c a l   p i c k - u p   for   w r i t i n g  
and  r e a d i n g   d i g i t a l   d a t a   i n t o   and  from  an  o p t i c a l   d i s c , "  
such  as  a  d i g i t a l   a u d i o   d i s c ,   a  h i g h - d e n s i t y   o p t i c a l  
d i s c   memory ,   e t c .   In  p a r t i c u l a r ,   GaAs  s y s t e m   l a s e r  

10  d i o d e s   w i th   f u n d a m e n t a l   t r a n s v e r s e   mode  o s c i l l a t i o n   h a v e  
been  most   w i d e l y   used   b e c a u s e   of  t h e i r   l a r g e   o s c i l l a t i o n  
power   and  low  t h r e s h o l d   l e v e l .  

One  such  s e m i c o n d u c t o r   l a s e r   d i o d e   has  been  d i s -  
c l o s e d   in  " E x t e n d e d   A b s t r a c t   of  the   16 th   C o n f e r e n c e  

15  on  S o l i d   S t a t e   D e v i c e s   and  M a t e r i a l s " ,   Kobe  ( 1 9 8 4 ) ,   p p .  
1 5 3 - 1 5 6 .   Th is   l a s e r   d i o d e   is   known  as  a  t r a n s v e r s e -  
mode  s t a b i l i z e d   s e m i c o n d u c t o r   l a s e r   w i th   a  s l a b - c o u p l e d  
w a v e g u i d e ,   which   i n c l u d e s   a  f i r s t   n - G a A i A s   c l a d d i n g  
l a y e r ,   an  u n d o p e d   GaAiAs  a c t i v e   l a y e r ,   a  s e c o n d   n - G a A i A s  

20  c l a d d i n g   l a y e r ,   and  an  n-GaAs  c u r r e n t   b l o c k i n g   l a y e r ,  
which   a re   s e q u e n t i a l l y   s t a c k e d   one  above   a n o t h e r   on  o n e  
s i d e   of  an  n-GaAs  s u b s t r a t e .   A  s t r i p e - l i k e   c h a n n e l  
g r o o v e   i s   d e f i n e d   in  the   c u r r e n t   b l o c k i n g   l a y e r   and  i t s  
u n d e r l y i n g   c l a d d i n g   l a y e r .   The  g r o o v e   i s   deep  e n o u g h  

25  to  p e n e t r a t e   the  c u r r e n t   b l o c k i n g   l a y e r ,   and  i t s   b o t t o m  
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p o r t i o n   i s   p o s i t i o n e d   nea r   the   u n d e r l y i n g   a c t i v e   l a y e r .  

A  t h i n   p - G a A i A s   l a y e r   whose  r e f r a c t i v e   i n d e x   is   l a r g e r  

t h a n   t h a t   of  the   c l a d d i n g   l a y e r   is  f o r m e d ,   as  a  w a v e -  

g u i d e   l a y e r ,   to  c o v e r   the   g r o o v e   and  the   c u r r e n t  

5  b l o c k i n g   l a y e r ,   so  t h a t   the   w a v e g u i d e   l a y e r   can  b e  

i n t r o d u c e d   s u f f i c i e n t l y   n e a r   the   top  s u r f a c e   of  t h e  

a c t i v e   l a y e r   i n s i d e   the   c h a n n e l   g r o o v e .   Also   s t a c k e d  

on  the   p - G a A i A s   l a y e r   a re   a  p - G a A i A s   o v e r c o a t i n g   l a y e r ,  

a  p - G a A i A s   c o n t a c t   l a y e r ,   and  a  m e t a l   e l e c t r o d e   l a y e r ,  

m  The  m u l t i - l a v e r s d   c o n f   i a u r a t i o n   t h u s   o b t a i n e d   fo rms   a 

s o - c a l l e d   s l a b - c o u p l e d   w a v e g u i d e   s t r u c t u r e .  

In  such   a  GaAiAs  l a s e r   w i th   a  s l a b - c o u p l e d   w a v e -  

g u i d e ,   t r a n s v e r s e   mode  o s c i l l a t i o n   is  c a r r i e d   out   i n  

such   a  m a n n e r   t h a t   o s c i l l a t e d   l a s e r   l i g h t   is   s h u t   up 

15  in  the   g r o o v e   by  r e f r a c t i v e   i n d e x   g u i d i n g ,   wh ich   is   d u e  

to  t he   d i f f e r e n c e   b e t w e e n   r e f r a c t i v e   i n d e x e s   m e a s u r e d  

at  t he   g r o o v e   and  the   o t h e r   p o r t i o n   of  t he   m u l t i - l a y e r  

s t r u c t u r e .   Such  a  w a v e g u i d e   s t r u c t u r e   i s   f a v o r a b l e   f o r  

h i g h   power   l a s e r   o s c i l l a t i o n ,   s i n c e   the   o p t i c a l   f i e l d  

20  s p r e a d s   s u f f i c i e n t l y   in  the   c l a d d i n g   l a y e r ,   as  in  a 

l a r g e   o p t i c a l   c a v i t y   s t r u c t u r e .  

The  d i s a d v a n t a g e   of  t h i s   s e m i c o n d u c t o r   l a s e r   i s  

t h a t   t h e   f u n d a m e n t a l   t r a n s v e r s e   o s c i l l a t i o n   mode  b e c o m e s  

u n s t a b l e   when  the   l a s e r   o s c i l l a t i o n   power   t h e r e o f   i s  

25  g r e a t l y   i n c r e a s e d .   Our  e x p e r i m e n t   r e v e a l e d   t h a t   t h e  

l a s e r   o s c i l l a t i o n   c o u l d   no  l o n g e r   be  k e p t   s t a b l e   w h e n  

t h e   l a s e r   power   was  s e t   at  more  t h a n   30  mW.  T h i s   i s  

b e c a u s e   a  l e a k a g e   c u r r e n t   f l o w i n g   at  the   g r o o v e   e d g e  

p o r t i o n s   t o w a r d   the   p e r i p h e r a l   r e g i o n s   of  t he   c l a d d i n g  

30  l a y e r   i n c r e a s e s ,   t h e r e b y   d e g r a d i n g   the   i n n e r   q u a n t u m  

e f f i c i e n c y   of  the  l a s e r   d i o d e .   The  d e c r e a s e   in  s t a b i l i -  

ty  of  t he   l a s e r   o s c i l l a t i o n   at   h igh   power   a l s o   c a u s e s  

the   l a s e r   d i o d e ' s   r e l i a b i l i t y   to  be  r e d u c e d .   When  t h e  

l a s e r   d i o d e   i s   used   to  o p t i c a l l y   w r i t e   d i g i t a l   d a t a  

35  i n t o   an  o p t i c a l   d i s c ,   h i g h - p o w e r   l a s e r   beam  r a d i a t i o n  

i s   g e n e r a l l y   r e q u i r e d .   A c c o r d i n g l y ,   the   a f o r e m e n t i o n e d  

p r o b l e m   is   a  s e r i o u s   o b s t a c l e   to  s u c c e s s f u l   a p p l i c a t i o n  
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of  the  l a s e r   d i o d e   to  an  o p t i c a l   p i c k - u p   u n i t   fo r   a 
r e a d / w r i t e   l a s e r   d i s c   memory  d e v i c e .  

M o r e o v e r ,   i t   is  d i f f i c u l t   to  m a n u f a c t u r e   u n i f o r m l y  
the  a f o r e m e n t i o n e d   c h a n n e l   g r o o v e   in  the  m u l t i - l a y e r e d  

5  l a s e r   d i o d e ,   b e c a u s e   a  d e e p - e t c h i n g   p r o c e s s   is  r e q u i r e d  
to  form  the   c h a n n e l   g r o o v e ,   which   e x t e n d s   a l o n g   t h e  
s u r f a c e   the  t h i c k   c l a d d i n g   l a y e r   ( w h i c h   must  be  o f  
a  t h i c k n e s s   s u f f i c i e n t   to  m a i n t a i n   a  l a r g e   d i s t a n c e  
b e t w e e n   the  a c t i v e   l a y e r   and  the  w a v e g u i d e   l a y e r   in  a 

10  f l a t   l a y e r   r e g i o n   -  w i th   the   e x c e p t i o n   of  t h e ' g r o o v e ) ,   "  ' 

t h e r e b y   c a u s i n g   the  b o t t o m   of  the  c h a n n e l   g r o v e   to  l i e  
c l o s e   to  the  u n d e r l y i n g   a c t i v e   l a y e r .   It   is   ve ry   d i f -  
f i c u l t   in  the   a c t u a l   m a n u f a c t u r i n g   p r o c e s s   to  c o n t r o l  
the  d e e p - e t c h i n g   c o n d i t i o n s ,   so  as  to  m a i n t a i n   u n i f o r m i -  

15  t y ,   in  the   p a r t i a l   r e m o v a l   of  the   c l a d d i n g   l a y e r ,   a m o n g  
a  g r e a t   number   of  l a s e r   d i o d e s   to  be  m a n u f a c t u r e d .  

It   is  t h e r e f o r e   an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n  
to  p r o v i d e   a  new  and  i m p r o v e d   s e m i c o n d u c t o r   l a s e r  
d i o d e   wi th   a  s l a b - c o u p l e d   w a v e g u i d e   which  can  i m p r o v e  

20  the  s t a b i l i t y   in  h igh   power   l a s e r   o s c i l l a t i o n .  
It  is  a n o t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  new  and  i m p r o v e d   s e m i c o n d u c t o r   l a s e r   d i o d e  
wi th   a  s l a b - c o u p l e d   w a v e g u i d e ,   which   can  i m p r o v e   t h e  
s t a b i l i t y   h i g h   power   in  h i g h   power   l a s e r   o s c i l l a t i o n  

25  and  which   can  be  u n i f o r m l y   m a n u f a c t u r e d   by  u s i n g   a 
known  e t c h i n g   p r o c e s s .  

In  a c c o r d a n c e   wi th   the   above   o b j e c t ,   the   p r e s e n t  
i n v e n t i o n   i s   a d d r e s s e d   to  a  s p e c i f i c   s e m i c o n d u c t o r   l a s e r  
d i o d e   which   i n c l u d e s   a  s e m i c o n d u c t i v e   s u b s t r a t e   of  a 

30  f i r s t   c o n d u c t i v i t y   t y p e .   Two  s e m i c o n d u c t i v e   c l a d d i n g  
l a y e r s   are   s t a c k e d   on  the  s u b s t r a t e   to  s a n d w i c h   t h e r e -  
b e t w e e n   an  a c t i v e   l a y e r   of  an  u n d o p e d   s e m i c o n d u c t o r  
t h i n   f i l m .   The  u p p e r   and  l o w e r   s e m i c o n d u c t i v e   c l a d d i n g  
l a y e r s   a re   of  f i r s t   and  s e c o n d   c o n d u c t i v i t y   t y p e s ,  

35  r e s p e c t i v e l y .  

A  s e m i c o n d u c t i v e   c u r r e n t   b l o c k i n g   l a y e r   of  t h e  
f i r s t   c o n d u c t i v i t y   t y p e   i s   f o rmed   on  the  u p p e r   c l a d d i n g  
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l a y e r .   A  c h a n n e l   g r o o v e   i s   d e f i n e d   in  the   c u r r e n t  

b l o c k i n g   l a y e r   and  the  u p p e r   c l a d d i n g   l a y e r .   The  b o t t o m  

s u r f a c e   of  the   c h a n n e l   g r o o v e   is  p o s i t i o n e d   nea r   t h e  

u n d e r l y i n g   a c t i v e   l a y e r .   A  s e m i c o n d u c t i v e   w a v e g u i d e  

5  l a y e r   of  the   s e c o n d   c o n d u c t i v i t y   t y p e   is   f o rmed   to  c o v e r  

the   c h a n n e l   g r o o v e   and  the   c u r r e n t   b l o c k i n g   l a y e r .   The 

r e f r a c t i v e   i n d e x   of  the   w a v e g u i d e   l a y e r   is  h i g h e r   t h a n  

t h a t   of  the   u p p e r   c l a d d i n g   l a y e r .   The  w a v e g u i d e   l a y e r  

i n c l u d e s   a  c h a n n e l   l a y e r   wh ich   is  r e c e s s e d   in  a c c o r d -  

10  ance  w i th   the   c h a n n e l   g r o o v e   c o n f i g u r a t i o n ,   to  p r o v i d e  

a  s l a b - c o u p l e d   w a v e g u i d e   s t r u c t u r e   for   t r a n s v e r s e   mode 

o s c i l l a t i o n .   A  s e m i c o n d u c t i v e   o v e r c o a t i n g   l a y e r   of  t h e  

s e c o n d   c o n d u c t i v i t y   t y p e   is   f o r m e d   on  the  w a v e g u i d e  

l a y e r .   T h i s   o v e r c o a t i n g   l a y e r   has  a  l o w e r   r e f r a c t i v e  

15  i n d e x   t h a n   t h a t   of  the   w a v e g u i d e   l a y e r .  

In  such   a  m u l t i - l a y e r e d   s t r u c t u r e ,   not   on ly   t h e  

u p p e r   c l a d d i n g   l a y e r   and  the   w a v e g u i d e   l a y e r ,   but   t h e  

c u r r e n t   b l o c k i n g   l a y e r ,   wh ich   is   s a n d w i c h e d   b e t w e e n  

t h e s e   two  l a y e r s ,   is  c o m p r i s e d   of  a  compound   s e m i c o n -  

20  d u c t o r   c o n t a i n i n g   a l u m i n u m .   A c c o r d i n g l y ,   the   l a t t i c e  

m a t c h i n g   c h a r a c t e r i s t i c   in  the   f i r s t   i n t e r f a c e   b e t w e e n  

the   u p p e r   c l a d d i n g   l a y e r   and  the   c u r r e n t   b l o c k i n g   l a y e r  

and  the   s e c o n d   i n t e r f a c e   b e t w e e n   the  c u r r e n t   b l o c k i n g  

l a y e r   and  the  w a v e g u i d e   l a y e r   can  be  i m p r o v e d   to  d e -  

25  c r e a s e   t he   l i g h t   a b s o r p t i o n   c o e f f i c i e n t   of  the   c u r r e n t  

b l o c k i n g   l a y e r .   As  a  r e s u l t ,   the   t h i c k n e s s   of  t he   u p p e r  

c l a d d i n g   l a y e r   r e q u i r e d   can  a l s o   be  r e d u c e d ,   to  e l i m i -  

n a t e   the   c u r r e n t   l e a k a g e   o u t s i d e   the   c h a n n e l   g r o o v e   i n  

the   s e m i c o n d u c t o r   l a s e r   d i o d e .  

30  The  i n v e n t i o n ,   and  i t s   o b j e c t s   and  a d v a n t a g e s ,   w i l l  

become  more  a p p a r e n t   in  the   d e t a i l e d   d e s c r i p t i o n   of  a 

p r e f e r r e d   e m b o d i m e n t   p r e s e n t e d   b e l o w .  

In  the   d e t a i l e d   d e s c r i p t i o n   of  a  p r e f e r r e d  

e m b o d i m e n t   of  the   i n v e n t i o n   p r e s e n t e d   b e l o w ,   r e f e r e n c e  

35  is   made  to  the   a c c o m p a y i n g   d r a w i n g s   in  w h i c h :  

F i g .   1  shows  a  p e r s p e c t i v e   view  of  a  t r a n s v e r s e -  

mode  s t a b i l i z e d   GaAiAs  l a s e r   d i o d e   w i th   a  s l a b - c o u p l e d  
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w a v e g u i d e ,   in  a c c o r d a n c e   w i th   one  p r e f e r r e d   e m b o d i m e n t   ' 

of  the   i n v e n t i o n   ( n o t   drawn  to  s c a l e ) .  

F i g s .   2A  to  2C  show  c r o s s - s e c t i o n a l   v i e w s   o f  

m u l t i - l a y e r e d   s t r u c t u r e s   of  the   l a s e r   d i o d e ,   which   a r e  

5  s e q u e n t i a l l y   o b t a i n e d   in  the   main  s t e p s   of  a  m a n u f a c t u r -  

ing  p r o c e s s   of  the   s e m i c o n d u c t o r   l a s e r   d i o d e   shown  i n  
F i g .   1  ( n o t   drawn  to  s c a l e ) .  

F i g .   3  shows  c a l c u l a t e d   c u r v e s   of  the   c o e f f i c i e n t  
of  l a s e r   l i g h t   c o n f i n e m e n t   vs .   the   t h i c k n e s s   ( t )   o f  

10  the  w a v e g u i d e   l a y e r ,   the   w a v e g u i d e   l a y e r - a c t i v e   l a y e r  

s p a c i n g   (h)  and  the   e f f e c t i v e   r e f r a c t i v e   i n d e x   s t e p  
( A n e f f )   in  the  s e m i c o n d u c t o r   l a s e r   d i o d e   s h o w n  
in  Fig  .  1  . 

F i g .   4  shows  m e a s u r e d   c u r v e s   of  f u l l   b e a m w i d t h   a t  

15  h a l f   peak  i n t e n s i t y   of  the   l a s e r   beam  vs.   p r o p a g a t i o n  
d i s t a n c e   from  the  s e m i c o n d u c t o r   l a s e r   d i o d e   of  F i g .   1 .  
a n d  

F i g .   5  is  a  g r a p h   s h o w i n g   an  e f f e c t i v e   r e f r a c t i v e  
i n d e x   s t e p   A n e f f   and  a  s t r i p e - l i k e   c h a n n e l   g r o o v e   w i d t h  

20  1  in  t r a n s v e r s e   mode  o s c i l l a t i o n ,   up  to  a  l i g h t   o u t p u t  
of  30  mW,  in  the  l a s e r   d i o d e   of  F i g .   1 .  

T h e r e   is  shown  in  F i g .   1  of  the  d r a w i n g s   a 
t r a n s v e r s e - m o d e   s t a b i l i z e d   GaAiAs  l a s e r   d i o d e   w i t h  

a  s l a b - c o u p l e d   w a v e g u i d e ,   which   is   d e s i g n a t e d   g e n e r a l l y  

25  by  the   n u m e r a l   10.  L a s e r   d i o d e   10  has  an  n - t y p e   GaAs 
s u b s t r a t e   12  of  a  h igh   i m p u r i t y   c o n c e n t r a t i o n .   On  o n e  
s i d e   of  s u b s t r a t e   12  a re   s t a c k e d ,   one  above   a n o t h e r ,   a n  
n - t y p e   GaAiAs  c l a d d i n g   l a y e r   ( f i r s t   c l a d d i n g   l a y e r )   1 4 ,  
an  u n d o p e d   GaAiAs  a c t i v e   l a y e r   16,  a  p - t y p e   GaAiAs  c l a d -  

30  d ing   l a y e r   ( s e c o n d   c l a d d i n g   l a y e r )   18  and  an  n - t y p e  
GaAiAs  c u r r e n t   b l o c k i n g   l a y e r   2 0 .  

A  s t r i p e - l i k e   c h a n n e l   g r o o v e   22  i s   d e f i n e d   in  c u r -  
r e n t   b l o c k i n g   l a y e r   20  and  c l a d d i n g   l a y e r   18.  C h a n n e l  

g r o o v e   22  p e n e t r a t e s   c u r r e n t   b l o c k i n g   l a y e r   20  to  e x t e n d  

35  i n t o   c l a d d i n g   l a y e r   18.  The  b o t t o m   p o r t i o n   of  c h a n n e l  

g r o o v e   22  i s   t h u s   p o s i t i o n e d   n e a r   the  u n d e r l y i n g   a c t i v e  
l a y e r   16.  The  d i s t a n c e   b e t w e e n   the  b o t t o m   of  c h a n n e l  
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g r o o v e   22  and  a c t i v e   l a y e r   16  is  t h u s   s m a l l e r   t han   t h a t  
b e t w e e n   c u r r e n t - b l o c k i n g   l a y e r   20  and  a c t i v e   l a y e r   1 6 .  

A  t h i n   p - t y p e   GaAiAs  l a y e r   24  whose  r e f r a c t i v e  

i n d e x   is  l a r g e r   t h a n   t h a t   of  the   s e c o n d   c l a d d i n g   l a y e r  

5  18  is   f o r m e d ,   as  a  w a v e g u i d e   l a y e r ,   to  c o v e r   c h a n n e l  

g r o o v e   22  and  c u r r e n t   b l o c k i n g   l a y e r   20,  so  t h a t   t h i s  

w a v e g u i d e   l a y e r   24  can  a l s o   be  i n t r o d u c e d   s u f f i c i e n t l y  
n e a r   the   top  s u r f a c e   of  a c t i v e   l a y e r   16  i n s i d e   c h a n n e l  

g r o o v e   22.  On  the   w a v e g u i d e   l a y e r   24  a re   f u r t h e r  

10  s t a c k e d   a  p - t y p e   GaAiAs  o v e r c o a t i n g   l a y e r   26  and  a 

p - t y p e   GaAiAs  c o n t a c t   l a y e r   28.  Meta l   l a y e r s   30  a n d  
32  a re   p r o v i d e d   to  s a n d w i c h   the   above   l a s e r   d i o d e   1 0 ,  
as  shown  in  F i g .   1,  to  s e r v e   as  e l e c t r o d e s   t h e r e f o r .  

The  m u l t i - l a y e r e d   c o n f i g u r a t i o n   t h u s   o b t a i n e d   fo rms   a 

15  s o - c a l l e d   s l a b - c o u p l e d   w a v e g u i d e   s t r u c t u r e .  

An  e x a m p l e   of  the   a b o v e - m e n t i o n e d   l a s e r   d i o d e   10  

was  m a n u f a c t u r e d   by  t he   m a n u f a c t u r i n g   s t e p s   to  be  d e s -  
c r i b e d   b e l o w .   F i r s t ,   as  shown  in  F i g .   2A,  f i r s t   c l a d -  

d i n g   l a y e r   14,  a c t i v e   l a y e r   16,  s e c o n d   c l a d d i n g   l a y e r  

20  18,  and  n - t y p e   GaAiAs  l a y e r   20  s e r v i n g   as  a  c u r r e n t  

b l o c k i n g   l a y e r   were  s e q u e n t i a l l y   d i s p o s e d   u s i n g   a  m e t a l  

o r g a n i c   c h e m i c a l   v a p o r   d e p o s i t i o n   me thod   (MOCVD  m e t h o d )  

on  n-GaAs  s u b s t r a t e   12,  whose  top  s u r f a c e   had  a  ( 1 0 0 )  

c r y s t a l l o g r a p h i c   p l a n e .   In  the   above   m u l t i - l a y e r e d  

25  d i o d e ,   c a r e f u l   a t t e n t i o n   must  be  p a i d   t h a t   no t   o n l y  
s e c o n d   c l a d d i n g   l a y e r   18  and  w a v e g u i d e   l a y e r   24  but  a l s o  
c u r r e n t   b l o c k i n g   l a y e r   20  s a n d w i c h e d   t h e r e b e t w e e n   a r e  
c o m p r i s e d   of  a  g a l l i u m   a r s e n i d e   s e m i c o n d u c t o r   c o n t a i n i n g  
a l u m i n u m .   In  t h i s   e x a m p l e ,   f i r s t   c l a d d i n g   l a y e r   14  w a s  

30  made  of  an  n - t y p e   GaQ6Ai04As   l a y e r ,   and  a c t i v e   l a y e r   16 
and  s e c o n d   c l a d d i n g   l a y e r   18  were  made  of  an  u n d o p e d  

G a 0 9 4 A i 0 0 6 A s   l a v e r   and  a  P-tyP12  G a 0 6 A i 0 4 A s   l a v e r >   r e -  
s p e c t i v e l y .   C u r r e n t   b l o c k i n g   l a y e r   20  was  made  of  a n  

n - t y p e   G a Q 6 5 A i 0 3 5 A s   l a y e r -   L a y e r s   14,  16,  18,  and  2 0  

35  had  t h i c k n e s s e s   of  0 . 7   urn,  0 . 0 6   ym,  0 .7   urn,  and  0 .7   ym,  
r e s p e c t i v e l y .   Th i s   m u l t i - l a y e r e d   s t r u c t u r e   may  b e  

f o r m e d   by  l i q u i d   p h a s e   e p i t a x y   ( t h e   LPE  m e t h o d ) ;  
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h o w e v e r ,   i t   is  more  p r e f e r a b l e   to  use  the  MOCVD  m e t h o d ,  
in  t e r m s   of  mass  p r o d u c i b i l i t y   . 

P h o t o r e s i s t   f i l m   l a y e r   40  was  t h e n   d e p o s i t e d   on  
the   top  l a y e r   or  c u r r e n t   b l o c k i n g   l a y e r   20  of  t h e  

5  m u l t i - l a y e r e d   s t r u c t u r e .   1 .5   ym  w i d t h   s t r i p e - l i k e   c h a n -  
ne l   o p e n i n g   42  (a  s o - c a l l e d   i w i n d o w i )   was  f o rmed   i n  
p h o t o r e s i s t   l a y e r   40  u s i n g   a  known  e t c h i n g   p r o c e s s .  
The  u n d e r l y i n g   c u r r e n t   b l o c k i n g   l a y e r   20  and  s e c o n d   "  ' 

c l a d d i n g   l a y e r   IS  were  p a r t i a l l y   e t c h e d   by  a  known  e t c h -  

10  ing  p r o c e s s   to  form  c h a n n e l   g r o o v e   ( w h i c h   is  c o m m o n l y  
c a l l e d   " s t r i p e "   in  tne  f i e l d   of  the   a r t )   22  t n e r e i n .  
In  a  v e r t i c a l   s e c t i o n ,   c h a n n e l   g r o o v e   22  e x t e n d e d  
t h r o u g h   l a y e r   20  and  s l i g h t l y   i n t o   l a y e r   18.  As  s h o w n  
in  F i g .   2B,  c h a n n e l   g r o o v e   22  had  a  t r a p e z o i d a l   s e c -  

15  t i o n a l   c o n f i g u r a t i o n   w i t h   s l a n t e d   s i d e   w a l l s   and  a 
b o t t o m   p o r t i o n .  

In  the   l a s e r   d i o d e   e x a m p l e ,   w i d t h   w  of  the   b o t t o m  
s u r f a c e   was  s e t   to  be  1  ym,  and  v e r t i c a l   d i s t a n c e   h 
b e t w e e n   the  g r o o v e   b o t t o m   s u r f a c e   and  a c t i v e   l a y e r   16 

20  was  s e t   to  be  0 .4  ym.  S i n c e   the  t h i c k n e s s   of  s e c o n d  
c l a d d i n g   l a y e r   18  was  0 . 7   ym,  the   p e n e t r a t i o n   d e p t h   o f  
c h a n n e l   g r o o v e   22,  in  s e c o n d   c l a d d i n g   l a y e r   18,  was  a s  
s m a l l   as  42%.  The  t o t a l   d e p t h   from  the   u p p e r   s u r f a c e  
of  c u r r e n t   b l o c k i n g   l a y e r   20  to  c h a n n e l   g r o o v e   22  was  

25  a b o u t   1  ym.  The  c o n f i g u r a t i o n   of  the   c h a n n e l   g r o o v e  
was  due  to  the  c h e m i c a l   c o m p o s i t i o n   of  l a y e r   20,   a n d  
the   i m p o r t a n c e   t h e r e o f   w i l l   be  d e s c r i b e d   h e r e i n a f t e r   i n  
d e t a i l .  

A f t e r   the   f o r m a t i o n   of  c h a n n e l   g r o o v e   22,  d e s c r i b e d  
30  a b o v e ,   p h o t o r e s i s t   l a y e r   40  was  r e m o v e d   and  the   e x p o s e d  

top  s u r f a c e   of  the   m u l t i - l a y e r e d   s t r u c t u r e   was  w a s h e d .  
N e x t ,   the   s e c o n d   c r y s t a l   g r o w t h   s t e p   was  b e g u n .   I n  
t h i s   s t e p ,   w a v e g u i d e   l a y e r   24,   o v e r c o a t i n g   l a y e r   2 6 ,  
and  c o n t a c t   l a y e r   28  were  s t a c k e d   on  the   m u l t i - l a y e r e d  

35  s t r u c t u r e   h a v i n g   c h a n n e l   g r o o v e   22,  u s i n g   the   MOCVD 
m e t h o d .   In  the  l a s e r   d i o d e   e x a m p l e s ,   w a v e g u i d e   24  was  
made  of  a  0 .2   ym  t h i c k   p - t y p e   G a Q 7 3 A i 0 2 7 A s   l a y e r ,  
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o v e r c o a t i n g   l a y e r   26  was  c o m p r i s e d   of  a  1 . 2 5   um  t h i c k  

p - t y p e   GaQ6A£0AAs  l a y e r ,   and  c o n t a c t   l a y e r   28  w a s  

c o m p r i s e d   of  a  5  ym  t h i c k   p - G a A i A s   l a y e r .   T h e r e a f t e r ,  

c h r o m i u m - g o l d   ( C r - A u )   and  g o l d - g e r m a n i u m   ( A u - G e )   a l l o y  

5  l a y e r s ,   as  m e t a l   l a y e r s   30  and  32,  were  r e s p e c t i v e l y  

fo rmed   on  the   u p p e r   and  l o w e r   p o r t i o n s   of  the   s t r u c t u r e .  

As  a  r e s u l t ,   l a s e r   d i o d e   10  shown  in  F i g .   1  c o m p l e t e .  

The  r e s u l t a n t   s t r u c t u r e   was  c l e a v e d   i n t o   a  F a b r y -  

P e r o t   l a s e r   h a v i n g   a  r e s o n a t o r   l e n g t h   of  250  ym.  The 

10  e l e m e n t   had  the   c h a r a c t e r i s t i c s   of  a  low  t h r e s h o l d  

c u r r e n t   of  35  mA  and  a  good  d i f f e r e n t i a l   q u a n t u m   e f f i c i -  

ency  of  50%.  In  a d d i t i o n ,   c u r r e n t - l i g h t   o u t p u t   c h a r a c -  

t e r i s t i c s   h a v i n g   good  l i n e a r i t y   w i t h o u t   k i n k   w e r e  

o b t a i n e d   at  an  o u t p u t   of  50  mW  or  more .   F u r t h e r m o r e ,  

15  i t   was  f o u n d   t h a t   the   beam  w a i s t   of  the   l a s e r   l i g h t   b e a m  

r a d i a t e d   from  the   l a s e r   end  s u r f a c e   c o r r e s p o n d e d   to  t h e  

end  s u r f a c e   in  the   h o r i z o n t a l   and  v e r t i c a l   d i r e c t i o n s  

and  was  a  good  r e f r a c t i v e   i n d e x   g u i d e .  

A c c o r d i n g   to  the   l a s e r   d i o d e   w i th   t he   s l a b - c o u p l e d  

20  w a v e g u i d e   s t r u c t u r e   of  the   p r e s e n t   i n v e n t i o n ,   not   o n l y  

s e c o n d   c l a d d i n g   l a y e r   18  and  w a v e g u i d e   l a y e r   24,  b u t  

a l s o   c u r r e n t   b l o c k i n g   l a y e r   20  s a n d w i c h e d   t h e r e b e -  

t w e e n ,   a r e   c o m p r i s e d   of  a  g a l l i u m   a r s e n i d e   s e m i c o n d u c t o r  

( G a A i A s )   c o n t a i n i n g   a l u m i n u m ,   as  d e s c r i b e d   a b o v e .  

25  T h e r e f o r e ,   t he   s t a b i l i t y   of  h igh   power   l a s e r   o s c i l l a t i o n  

can  be  i m p r o v e d   and ,   at   the   same  t i m e ,   good  c o n f i g u -  

r a t i o n   c o n t r o l   of  c h a n n e l   g r o o v e s   in  mass  p r o d u c e d   l a s e r  

d i o d e s   can  be  p e r f o r m e d .   The  r e a s o n s   a r e   as  f o l l o w s :  

F i r s t ,   i f   c u r r e n t   b l o c k i n g   l a y e r   20  ( w h i c h   i s  

30  s a n d w i c h e d   b e t w e e n   c l a d d i n g   l a y e r   18  and  w a v e g u i d e   l a y e r  

24)  is   c o m p r i s e d   of  a  g a l l i u m   a r s e n i d e   s e m i c o n d u c t o r  

( G a A i A s )   c o n t a i n i n g   a l u m i n u m ,   l i k e   t he   c h e m i c a l   c o m p o s i -  

t i o n   of  l a y e r s   18  and  24,   a  c r y s t a l   j u n c t i o n   c h a r a c -  

t e r i s t i c   ( t h e   l a t t i c e   m a t c h i n g   c h a r a c t e r i s t i c )   of  l a y e r  

35  20,  w i t h   r e s p e c t   to  l a y e r s   18  and  24,  can  be  i m p r o v e d .  

T h e r e f o r e ,   t he   i n h e r e n t   s t r e s s   at  i n t e r f a c e s   b e -  

tween   l a y e r   20  and  l a y e r s   18  and  24  can  be  e a s e d .   As 
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a  r e s u l t ,   s i n c e   the  s t r e s s - g e n e r a t e d   d e g r a d a t i o n   o f  
l a s e r   o s c i l l a t i o n   can  be  r e d u c e d   to  1 /10   or  l e s s ,   t h e  
o p e r a t i o n a l   r e l i a b i l i t y   of  a  l a s e r   d i o d e   of  t h i s ' t y p e  

can  be  g r e a t l y   i m p r o v e d .  

5  S e c o n d ,   i f   c u r r e n t   b l o c k i n g   l a y e r   20  is   c o m p r i s e d  
of  a  g a l l i u m   a r s e n i d e   s e m i c o n d u c t o r   ( G a A i A s )   c o n t a i n i n g  
a l u m i n u m ,   l i k e   c l a d d i n g   l a y e r   18  and  w a v e g u i d e   l a y e r  
24,  the   r e f r a c t i v e   i n d e x ,   t o g e t h e r   w i th   the   l i g h t   a b -  
s o r p t i o n   c o e f f i c i e n t   of  c u r r e n t   b l o c k i n g   l a y e r   20,  c a n  

10  be  r e d u c e d .   A c c o r d i n g l y ,   the   t h i c k n e s s   of  u n d e r l y i n g  
c l a d d i n g   l a y e r   18  i t s e l f   can  be  r e d u c e d   as  c o m p a r e d   t o  
a  c o n v e n t i o n a l   s t r u c t u r e .   At  the   same  t i m e ,   s i n c e   t h e  
d e p t h   of  c h a n n e l   g r o o v e   22,  f o r m e d   in  l a y e r   18,  can  b e  
r e d u c e d   as  c o m p a r e d   to  the   c o n v e n t i o n a l   s t r u c t u r e ,  

15  v e r t i c a l   d i s t a n c e   h,  b e t w e e n   the   g r o o v e   b o t t o m   s u r f a c e  
and  a c t i v e   l a y e r   16,  can  be  s e t   to  a  c o m p a r a t i v e l y   h i g n  
v a l u e .   S i n c e   t h i s   e q u i v a l e n t l y   means  t h a t   the   e d g e s  
of  g r o o v e   22  a re   kep t   f a r   away  from  a c t i v e   l a y e r   1 6 ,  
c u r r e n t   l e a k a g e   of  the  l a s e r   beam,  which   is  c o n f i n e d  

20  in  c h a n n e l   g r o o v e   22  and  f l o w s   from  the  g r o o v e   ( i . e . ,  
t o w a r d   c l a d d i n g   l a y e r   18 ] ,   can  be  e l i m i n a t e d .   As  a 
r e s u l t ,   the   t h r e s h o l d   l e v e l   of  l a s e r   d i o d e   10  can  be  
d e c r e a s e d ,   and  f u n d a m e n t a l   t r a n s v e r s e   mode  o s c i l l a t i o n  
c h a r a c t e r i s t i c s   ( h i g h   power   and  low  a s t i g m a t i s m )   c a n  

25  be  i m p r o v e d .   In  a d d i t i o n ,   i f   the   c o n t e n t   ( c o m p o s i t i o n  
r a t i o )   of  a l u m i n u m   in  l a y e r   20  is   s e t   h i g h e r ,   l a y e r   18 
can  be  f o rmed   t h i n n e r ,   and  f u r t h e r   i m p r o v e m e n t   in  t h e  
f u n d a m e n t a l   t r a n s v e r s e   mode  o s c i l l a t i o n   c h a r a c t e r i s t i c s  
of  l a s e r   d i o d e   10  can  be  e x p e c t e d .   A c c o r d i n g   to  a n  

30  e x p e r i m e n t   by  the  p r e s e n t   i n v e n t o r s ,   when  the   c o m p o s i -  
t i o n   r a t i o   of  a l u m i n u m   in  l a y e r   20  was,   e . g . ,   0 . 4 ,   t h e  
r e f r a c t i v e   i n d e x   of  l a y e r   20  was  s u b s t a n t i a l l y   the   s a m e  
as  t h a t   of  l a y e r   1 8 .  

T h i r d   ( w h i c h   is   r e l a t e d   to  the   above   s e c o n d  
35  f e a t u r e ) ,   as  a  r e s u l t   of  the   f o r m a t i o n   of  t h i n   l a y e r  

18  and  s h a l l o w   g r o o v e   22,  e t c h i n g   d e p t h   in  l a y e r   1 8 ,  
r e q u i r e d   to  form  g r o o v e   22,  can  be  r e d u c e d .   T h e r e f o r e ,  
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c h a n n e l   g r o o v e   22,   t he   c o n f i g u r a t i o n   of  wh ich   is  w e l l  

c o n t r o l l e d ,   can  be  f o r m e d   w i t h   e a s e ,   w i t h o u t   u s i n g   d e e p  

e t c h i n g .   As  a  r e s u l t ,   in  the   m a n u f a c t u r i n g   s t e p s   of  t h e  

l a s e r   d i o d e   10,  r e p r o d u c i b i l i t y   of  c h a n n e l   g r o o v e   22  c a n  

5  be  m a x i m a l l y   i m p r o v e d   and  the   y i e l d   of  t he   l a s e r   d i o d e s  

can  a l s o   be  i m p r o v e d .  

On  the   c o n t r a r y ,   t he   a b o v e - d e s c r i b e d   c o n v e n t i o n a l  

s e m i c o n d u c t o r   l a s e r   d i o d e   u s i n g   the   GaAs  s e m i c o n d u c t o r  

l a y e r ,   but   not   c o n t a i n i n g   a l u m i n u m   as  a  c u r r e n t -  

10  b l o c k i n g   l a y e r ,   has   poor   m a s s - p r o d u c t i v i t y   c h a r a c -  

t e r i s t i c s   and  poor   s t a b i l i t y   in  t r a n s v e r s e   mode  o s c i l -  

l a t i o n .   F i g .   3  shows   a  g r a p h   of  e f f e c t i v e   r e f r a c t i v e  

i n d e x   s t e p   A n e f f   ( w h i c h   is  d e f i n e d   as  the   d i f f e r e n c e  

b e t w e e n   the  r e f r a c t i v e   i n d e x   of  the   c h a n n e l   g r o o v e   a n d  

15  t h a t   of  f l a t   p o r t i o n s   -  w i t h   the   e x c e p t i o n   of  the   g r o o v e  

in  the  l a s e r   d i o d e )   and  l a s e r   l i g h t   c o n f i n e m e n t   f a c t o r  

t ,   w i t h   r e s p e c t   to  d i s t a n c e   h,  Cum)  b e t w e e n   a c t i v e   a n d  

w a v e g u i d e   l a y e r s   and  t h i c k n e s s   t_  Cym)  in  the   s t r i p e - l i k e  

c h a n n e l   g r o o v e   of  t he   l a s e r   d i o d e   h a v i n g   the   c o n v e n -  

20  t i o n a l   s t r u c t u r e .   The  c a l c u l a t i o n   was  p e r f o r m e d   a s s u m -  

ing  a l u m i n u m   c o n t e n t s   in  c l a d d i n g ,   a c t i v e ,   c l a d d i n g ,  

w a v e g u i d e ,   and  c o a t i n g   l a y e r s   were  0 . 4 ,   0 . 0 6 ,   0 . 4 ,   0 . 2 7 ,  

and  0 . 4 ,   r e s p e c t i v e l y ,   and  the   t h i c k n e s s   of  an  a c t i v e  

l a y e r   was  0 . 0 6   y m .  

25  m  o r d e r   to  o b t a i n   a  s t a b i l i z e d   t r a n s v e r s e   mode  i n  

a  l a s e r   d i o d e ,   A n e f f   wh ich   c o m p e n s a t e s   f o r   r e f r a c t i v e  

i n d e x   r e d u c t i o n   c a u s e d   by  the   p l a s m a   e f f e c t   and  t h e  

l i k e ,   is   r e q u i r e d ,   and  i t   was  e x p e r i m e n t a l l y   f o u n d  

t h a t   the   s t a b i l i z e d   f u n d a m e n t a l   t r a n s v e r s e   mode  c a n  

30  be  o b t a i n e d   when  A n e f f   i s   a b o u t   1 0 " 2 .   When  l a s e r   l i g h t  

c o n f i n e m e n t   f a c t o r   t  i s   too  s m a l l ,   t he   t h r e s h o l d   v a l u e  

b e c o m e s   l a r g e ,   and  too  l a r g e   t  l e a d s   to  d e g r a d a t i o n   i n  

h igh   power  o p e r a t i o n .   T h e r e f o r e ,   the   l a s e r   l i g h t   c o n f i -  

n e m e n t   f a c t o r   must   a l s o   be  c a r e f u l l y   s e l e c t e d .   F o r  

35  e x a m p l e ,   when  the   p r o p e r   r a n g e   of  e O e f f   i s   0 .8   t o  

1.6  x  1 0 ' 2   and  the   p r o p e r   r a n g e   of  f a c t o r   t  i s   0 . 0 6   t o  

0 . 1 2 ,   t he   a l l o w a b l e   r a n g e   of  i   and  In  i s   the   c r o s s h a t c h e d  
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r e g i o n   in  F i g .   3.  A c c o r d i n g l y ,   the   v a l u e   of  hi,  a s  

we l l   as  the  v a l u e   of  t_,  must   be  a c c u r a t e l y   s e t .   I n  

the   c o n v e n t i o n a l   s t r u c t u r e ,   h o w e v e r ,   s i n c e   the  a m o u n t  

of  e t c h i n g   for   the   f o r m a t i o n   of  a  s t r i p e - l i k e   c h a n n e l  

5  g r o o v e   is  a b o u t   t en   t i m e s   the  v a l u e   of  _h,  v a r i a t i o n s  

in  hi  c a n n o t   be  e l i m i n a t e d   and  the   mass  p r o d u c t i o n   y i e l d  
is   p o o r .  

A n o t h e r   s e m i c o n d u c t o r   l a s e r   d i o d e   m a n u f a c t u r e d  

a c c o r d i n g   to  the  c o n c e p t   of  the   p r e s e n t   i n v e n t i o n   w i l l  

io  now  be  d e s c r i b e d .  

F i r s t ,   f i r s t   c l a d d i n g   l a y e r   14  ( h a v i n g   a  s e l e n i u m  
c o n c e n t r a t i o n   of  1  x  101  cm"3)   of  a  1.5  ym  t h i c k   n - t y p e  

G a 0 6 A i 0 4 A s   l a v e r   was  f ° r m e d   on  n - t y p e   GaAs  s u b s t r a t e   12 

( h a v i n g   a  s i l i c o n   c o n c e n t r a t i o n   of  1  x-  10  c m )   w h o s e  

15  top  s u r f a c e   had  a  ( 1 0 0 ]   c r y s t a l l o g r a p h i c   p l a n e .   N e x t ,  
a c t i v e   l a y e r   16  of  a  0 . 0 8   ym  t h i c k   n - t y p e   u n d o p e d  

G a 0 9 2 A i 0 0 g A s   l a y e r ,   s e c o n d   c l a d d i n g   l a y e r   18  of  a  0 . 7   ym 
t h i c k   p - t y p e   G a ^ A i ^ A s   l a y e r ,   and  c u r r e n t   b l o c k i n g  

l a y e r   20  of  a  0 .7   ym  t h i c k   n - t y p e   Gao ,AiQ  As  l a y e r   w e r s  

20  s e q u e n t i a l l y   fo rmed   on  c l a d d i n g   l a y e r   14.  The  MOCVD 

method   was  used   to  form  the   l a y e r s   14,  16,  18,  and  2 0 .  

In  t h i s   e m b o d i m e n t ,   not   on ly   s e c o n d   c l a d d i n g   l a y e r   18 

and  w a v e g u i d e   l a y e r   24,  but   a l s o   c u r r e n t   b l o c k i n g   l a y e r  

20,  which   is   s a n d w i c h e d   t h e r e b e t w e e n ,   were  c o m p r i s e d   o f  

25  a  g a l l u i m   a r s e n i d e   s e m i c o n d u c t o r   as  in  the   a b o v e - d e s -  

c r i b e d   m u l t i - l a y e r e d   l a s e r   d i o d e .  

This   f i r s t   c r y s t a l   g r o w t h   used   an  MOCVD  me thod   a n d  

had  as  i t s   g r o w t h   c o n d i t i o n s :   a  s u b s t r a t e   t e m p e r a t u r e  
of  750°C .   V / I I I   =  20.  a  f low  r a t e   of  c a r r i e r   gas  (H2)  o f  

30  10  i / m i n .   t r i m e t h y l g a l l i u m   (TMG:  ( C H ) 3 G a ) ,   t r i m e t h y l -  
a l u m i n u m   [TMA:  (CH  )  A i ] ,   and  a r s i n e   ( A s H , )   as  s o u r c e  
m a t e r i a l s ,   d i e t h y l z i n c   [DEZ:  (C2H5)  Zn]  as  a  p - d o p a n t .  

h y d r o g e n   s e l e n i d e   (H  Se]  as  an  n - d o p a n t .   and  a  g r o w t h  
r a t e   of  0 . 2 5   y m / m i n .   I t   is   not   n e c e s s a r y   to  use  t h e  

35  MOCVD  me thod   for   the  f i r s t   c r y s t a l   g r o w t h ,   but   i t   i s  

more  a d v a n t a g e o u s   to  do  so  s i n c e   the   MOCVD  m e t h o d  

r e a l i z e s   a  c r y s t a l   g r o w t h   h a v i n g   a  l a r g e   a r e a   and  g o o d  



0 2 1 4 5 3 , 4  
-  12  -  

u n i f o r m i t y   in  t e r m s   of  mass  p r o d u c i b i l i t y   ,  u n l i k e   t h a t  

o b t a i n e d   w i t h   the   LPE  m e t h o d .  

N e x t ,   as  in  the   e m b o d i m e n t   d e s c r i b e d   a b o v e ,   c h a n n e f  

g r o o v e   22  was  f o r m e d   in  t he   top  s u r f a c e   of  the   m u l t i -  

5  l a y e r e d   s t r u c t u r e   by  s e l e c t i v e   e t c h i n g ,   u s i n g   a  p h o t o -  

r e s i s t   f i l m .   Note  t h a t   w i d t h   w'  of  the   b o t t o m   s u r f a c e  

of  the  c h a n n e l   g r o o v e   and  v e r t i c a l   d i s t a n c e   h'  b e t w e e n  

the  g r o o v e   b o t t o m   s u r f a c e   and  a c t i v e   l a y e r   16  were  s e t  

at  1 .5   ym  and  0 .7   ym,  r e s p e c t i v e l y ,   in  t h i s   e m b o d i m e n t .  

10  A f t e r   the   f o r m a t i o n   of  c h a n n e l   g r o o v e   22  d e s c r i b e d  

a b o v e ,   the   p h o t o r e s i s t   l a y e r   was  r e m o v e d ,   and  t h e  

e x p o s e d   top  s u r f a c e   of  the   m u l t i - l a y e r e d   s t r u c t u r e   w a s  

w a s h e d .   Then ,   the   s e c o n d   c r y s t a l   g r o w t h   s t e p ,   w h i c h  

used  the   MOCVD  method   to  form  w a v e g u i d e   l a y e r   24,  o v e r -  

ly  c o a t i n g   l a y e r   26  and  c o n t a c t   l a y e r   28,   was  b e g u n .  

A c c o r d i n g   to  t he   p r e s e n t   e m b o d i m e n t ,   l a y e r s   24,  26,  a n d  

28  were  r e s p e c t i v e l y   c o m p r i s e d   of  a  0 .3   ym  t h i c k   p - t y p e  

G a 0 7 3 A i 0 2 7 A S   l a y e r '   a  1 ' 2 5   ym  t h l C k   p " t y p e   G a 0 6 A * 0 4 A s  

l a y e r ,   and  5  ym  t h i c k   p - t y p e   GaAiAs  l a y e r   ( h a v i n g   a  Zn 

20  c o n c e n t r a t i o n   of  1  x  108  c m " 3 ) .   T h e r e a f t e r ,   a  p l u r a l i t y  

of  e l e c t r o d e   l a y e r s   were   f o r m e d   on  the   top  and  b o t t o m   o f  

the   s t r u c t u r e ,   as  in  the   a b o v e - d e s c r i b e d   e m b o d i m e n t ,   a n d  

the   l a s e r   d i o d e   was  c o m p l e t e d .  

The  r e s u l t a n t   s t r u c t u r e   was  c l e a v e d   i n t o   a  F a b r y -  

25  P e r o t   l a s e r   h a v i n g   a  r e s o n a t o r   l e n g t h   of  250  ym.  T h e  

e l e m e n t   had  the   c h a r a c t e r i s t i c s   of  a  low  t h r e s h o l d   c u r -  

r e n t   of  35  mA  and  a  good  d i f f e r e n t i a l   q u a n t u m   e f f i c i e n c y  

of  50%.  C u r r e n t - l i g h t   o u t p u t   c h a r a c t e r i s t i c s   h a v i n g   a 

good  l i n e a r i t y   w i t h o u t   k i n k   were  o b t a i n e d   at  an  o u t p u t  

30  of  50  mW  or  more .   In  a d d i t i o n ,   i t   was  found   t h a t   t h e  

beam  w a i s t   of  a  l a s e r   l i g h t   beam  r a d i a t e d   from  the   l a s e r  

end  s u r f a c e ,   c o r r e s p o n d e d   to  the   end  s u r f a c e   in  t h e  

h o r i z o n t a l   and  v e r t i c a l   d i r e c t i o n s ,   and  was  a  g o o d  

r e f r a c t i v e   i n d e x   g u i d e .  

.j5  i t   was  a l s o   f o u n d   t h a t   t he   above   l a s e r   had  a n  

e f f e c t i v e   r e f r a c t i v e   i n d e x   s t e p   A n e f f   of  a b o u t   1  x  10~  , 

and  showed  a  s t a b i l i z e d   f u n d a m e n t a l   t r a n s v e r s e   mode 
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o s c i l l a t i o n   up  to  an  o u t p u t   of  30  mW,  and  t h e r e   w a s  
no  mode  d e f o r m a t i o n   or  h i g h e r   o r d e r   mode  o s c i l l a t i o n  
at  h i g h   p o w e r .  

F i g .   4  shows  m e a s u r e m e n t s   of  f u l l   beam  w i d t h   a t  
5  h a l f   the   peak  i n t e n s i t y   a l o n g   the   o p t i c a l   a x i s   of  the   

* 

l a s e r   m a n u f a c t u r e d   by  the  a b o v e - d e s c r i b e d   m e t h o d ,  
w h e r e i n   r e f e r e n c e   s y m b o l s   "0"  and  "©''  a r e   d a t a   at  1  mW  

** 

and  30  mw,  r e s p e c t i v e l y .   An  a s t i g m a t i s m   was  s u b s t a n -   *  * 

t i a l l y   0  ym,  and  a  s t a b i l i z e d   w a v e f r o n t ,   i n d e p e n d e n t  
10  of  the   power   l e v e l ,   was  o b t a i n e d .  

In  the   e m b o d i m e n t s   d e s c r i b e d   a b o v e ,   i t   is  a l s o  
an  i m p o r t a n t   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n   t h a t   t h e  
e f f e c t i v e   r e f r a c t i v e   i n d e x   s t e p   A n e f f ,   i n s i d e   and  o u t -  
s i d e   c h a n n e l   g r o o v e   22,  is  s e t   to  be  not   l o w e r   t h a n  

15  6  *  10"  ,  and  b o t t o m   w i d t h   w  t h e r e o f   i s   s e t   to  be  n o t  
h i g h e r   t h a n   2  ym.  The  i m p o r t a n c e   of  t h e s e   v a l u e   l i m i t a -  
t i o n s   w i l l   be  d e s c r i b e d   be low  w i t h   r e f e r e n c e   to  F i g .   5 .  

F i g .   5  is  a  g r a p h   s h o w i n g   the   e f f e c t i v e   r e f r a c t i v e  
i n d e x   s t e p   A n e f f   and  s t r i p e - l i k e   c h a n n e l   g r o o v e   w i d t h   w 

20  in  t r a n s v e r s e   mode  o s c i l l a t i o n ,   up  to  a  l i g h t   o u t p u t   o f  
30  mw,  in  the   l a s e r   d i o d e   h a v i n g   the   above   s t r u c t u r e .  

In  g e n e r a l ,   when  a  l a s e r   has  a  f l a t   a c t i v e   l a y e r ,  
i t   is   d i f f i c u l t   to  o b t a i n   a  s u f f i c i e n t l y   l a r g e   e f f e c t i v e  
r e f r a c t i v e   i n d e x   d i s t r i b u t i o n   of  more  t h a n   10~2  f o r  

25  mode  c o n f i n e m e n t .   A c t u a l l y ,   m e t h o d s   f o r   c h a n g i n g   t h e  
t h i c k n e s s   of  the   a c t i v e   l a y e r ,   e i t h e r   by  b e n d i n g   i t   o r  
by  m a k i n g   i t   grow  p e r p e n d i c u l a r l y   in  the   g r o o v e ,   h a v e  
o f t e n   been   u s e d .   Such  a  s t r u c t u r e   t e n d s   to  d e g r a d e  
the   l a s e r ' s   r e l i a b i l i t y   b e c a u s e   of  t he   d e g r a d a t i o n  

30  in  q u a l i t y   of  the   a c t i v e   l a y e r   as  c o m p a r e d   to  l a s e r s  
h a v i n g   a  f l a t   a c t i v e   l a y e r .   On  the   o t h e r   h a n d ,   t h e  
s t r u c t u r e   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   has  a  f l a t  
a c t i v e   l a y e r   t h r o u g h   a p p r o p r i a t e   c o n t r o l   of  the   r e f r a c -  
t i v e   i n d e x ,   the   f i l m   t h i c k n e s s   or  t he   l i k e   of  the   f i r s t  

35  o v e r c o a t i n g   l a y e r ,   and  t h u s   an  e f f e c t i v e   r e f r a c t i v e  
i n d e x   s t e p   can  be  e a s i l y   f o rmed   t h e r e a t .  

In  F i g .   5,  symbol   "o"  shows  a  s t a b i l i z e d  
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t r a n s v e r s e - m o d e   o s c i l l a t i o n   up  to  a  l a s e r   o u t p u t   o f  

30  mW,  s y m b o l   "A"  shows  a  mode  d e f o r m a t i o n   c a u s e d   by  a 

h o l e - b u r n i n g   p h e n o m e n o n   as  the   o u t p u t   i n c r e a s e s ,   s y m b o l  

flr-M  shows  c h a r a c t e r i s t i c s   s i m i l a r   to  a  g a i n   g u i d e   s u c h  

5  as  k i n k   or  mode  d e f o r m a t i o n   at  a  l a r g e   a s t i g m a t i s m   a n d  

a  c u r r e n t - l i g h t   o u t p u t   c h a r a c t e r i s t i c ,   and  symbol   " « "  

shows   a  h i g h e r   o r d e r   mode.   In  the   d r a w i n g ,   a  c u r v e  

shows   a  t h e o r e t i c a l   c a l c u l a t i o n   of  c h a n n e l   g r o o v e   w i d t h  

w  of  a  l a s e r   d i o d e   when  a  f i r s t - o r d e r   mode  i s   cu t   o f f  

10  w i t h   r e s p e c t   to  e f f e c t i v e   r e f r a c t i v e   i n d e x   s t e p   A n e f f .  

As  i s   a p p a r e n t   from  F i g .   5,  a c c o r d i n g   to  the   s t r u c -  

t u r e   of  t he   p r e s e n t   i n v e n t i o n ,   a  s t a b i l i z e d   t r a n s v e r s e -  

mode  can  be  o b t a i n e d   from  a  low  power   o p e r a t i o n   up  t o  

a  h i g h   power   o p e r a t i o n   of  more  t h a n   30  mW,  by  s e t t i n g  

15  A n e f f   to  be  no t   s m a l l e r   t h a n   6  x  1 0 ' 3   and  w  not   l a r g e r  

t h a n   2  urn. 
When  A n e f f   e x c e e d s   1  x  1 0 " 1 ,   s i n c e   the   g r o o v e   w i d t h  

at   wh ich   a  f i r s t - o r d e r   mode  i s   cu t   o f f   i s   be low  0 .5   ym,  

no t   o n l y   d o e s   the   e l e m e n t   f o r m a t i o n   p r o c e s s   b e c o m e s  

20  d i f f i c u l t   bu t   a l s o   the  mode  s i z e   d e c r e a s e s .   As  a 

r e s u l t ,   t he   l i g h t   o u t p u t   l e v e l   which   c a u s e s   d e g r a d a t i o n  

by  end  s u r f a c e   b r e a k d o w n   is   d e s c r e a s e d ,   and  a  h igh   p o w e r  

o p e r a t i o n   b e c o m e s   i m p o s s i b l e .   I t   s h o u l d   be  n o t e d   t h a t ,  

d u r i n g   the   l a s e r   d i o d e   o p e r a t i o n ,   the   a c t u a l   l e v e l   o f  

25  l i g h t   o u t p u t   which   c a u s e s   the   h o l e - b u r n i n g   p h e n o m e n o n  

and  the   a c t u a l   d e g r e e   of  a d v e r s e   i n f l u e n c e   due  to  t h a t  

p h e n o m e n o n   c a n n o t   be  s i m p l y   d e t e r m i n e d .   In  the   a c t u a l  

o p e r a t i o n   mode  of  the   l a s e r   d i o d e ,   t h e s e   f a c t o r s   t e n d  

to  be  v a r r i e d   d e p e n d i n g   upon  t he   l a y e r   s t r u c t u r e ,   t h e  

30  g a i n   d i s t r i b u t i o n ,   the   i n t e r n a l   power   l o s s   of  the   l a s e r  

d i o d e .   A c c o r d i n g l y ,   t he   r a n g e s   of  v a l u e s   d e f i n e d   a b o v e  

a r e   r e q u i r e d   to  s a t i s f y   t he   c h a r a c t e r i s t i c   in  which  a 

s t a b i l i z e d   t r a n s v e r s e - m o d e   o s c i l l a t i o n   i s   o b t a i n e d   up 

to  a  l i g h t   o u t p u t   of  30  mW,  wh ich   is   t he   p e r f o r m a n c e  

35  r e q u i r e d   of  a  l i g h t   s o u r c e   fo r   w r i t i n g   i n t o   an  o p t i c a l  

d i s c .  

A l t h o u g h   the   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  
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r e f e r e n c e   to  s p e c i f i c   e m b o d i m e n t s ,   i t   s h o u l d   be  u n d e r -  
s t o o d   by  t h o s e   s k i l l e d   in  the   a r t   t h a t   n u m e r o u s   m o d i f i -   ! 
c a t i o n s   may  be  made  w i t h i n   the   s p i r i t   and  s c o p e   of  the  . . '  
i n v e n t i v e   c o n t r i b u t i o n .   ; 

5  For  e x a m p l e ,   t he   mix  c r y s t a l   r a t i o ,   t he   f i l m   t h i c k -   ' 
n e s s   and  the   l i k e   of  the   c l a d d i n g   l a y e r ,   the   c u r r e n t  
b l o c k i n g   l a y e r ,   and  the  o v e r c o a t i n g   l a y e r   can  be  c h a n g e d '   ! 
as  n e e d e d ,   w i t h i n   the   g i v e n   r a n g e ,   as  l o n g   as  the   e f f e c -   • 
t i v e   r e f r a c t i v e   i n d e x   s t e p   A n e f f   i s   not   l e s s   t h a n  

10  6  x  10  .  The  c l a d d i n g   l a y e r   and  the  c u r r e n t   b l o c k i n g   \ 
l a y e r   may  be  c o m p r i s e d   of  Ga0  55AiQ  45As ,   the   f i r s t  
o v e r c o a t i n g   l a y e r   may  be  c o m p r i s e d   of  GaQ  Ai  A s ,  
and  a  f i l m   t h i c k n e s s   t h e r e o f   may  be  O.A  ym.  C h a n n e l '  

g r o o v e   w i d t h   w  can  a l s o   be  c h a n g e d   as  n e e d e d   wi th   t h e  
15  r a n g e   of  from  0 .5   to  2  ym,  and  in  which   the   f i r s t - o r d e r  

mode  is   cu t   o f f   w i t h   r e s p e c t   to  e f f e c t i v e   r e f r a c t i v e  
i n d e x   s t e p   A n e f f .   m  a d d i t i o n ,   the   o v e r c o a t i n g   l a y e r s  
a re   not   l i m i t e d   to  two  l a y e r s   but   can  be  more  t h a n   t h r e e  
l a y e r s ,   as  l o n g   as  t he   r e f r a c t i v e   i n d e x   of  the  l a y e r  

20  n e a r e s t   the   a c t i v e   l a y e r   is   h i g h e r   t h a n   the   r e f r a c t i v e  
i n d e x e s   of  the   l a y e r   f a r t h e s t   from  the   a c t i v e   l a y e r   o r  
the  c l a d d i n g   l a y e r .  

In  a d d i t i o n ,   t he   m a t e r i a l   i s   not   l i m i t e d   to  G a A i A s ,  
and  o t h e r   compound   s e m i c o n d u c t o r   m a t e r i a l s   such  a s  

25  I n G a A s P ,   A i G a l n P ,   or  AiGaZnP  can  be  u s e d .   F u r t h e r m o r e ,  
the   MBE  m e t h o d ,   i n s t e a d   of  the  MOCVD  m e t h o d ,   can  be  u s e d  
as  a  c r y s t a l   g r o w t h   m e t h o d .   I t   is   a l s o   p o s s i b l e   to  u s e  
a  p - t y p e   s u b s t r a t e   and  to  i n v e r t   the   c o n d u c t i v i t y   t y p e s  
of  each   l a y e r .  
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C l a i m s :  

1.  A  s e m i c o n d u c t o r   l a s e r   d i o d e   ( 1 0 ) ,   c o m p r i s i n g  

f i r s t   and  s e c o n d   s e m i c o n d u c t i v e   c l a d d i n g   l a y e r s   ( 1 4 ,   1 8 ) ^  

of  f i r s t   and  s e c o n d   c o n d u c t i v i t y   t y p e s ,   which   a r e  

s e q u e n t i a l l y   s t a c k e d   on  a  s u b s t r a t e   ( 1 2 ) ;   an  a c t i v e  

5  l a y e r   ( 1 6 )   of  an  u n d o p e d   s e m i c o n d u c t o r   f i l m   s a n a w i c h e a  

b e t w e e n   s a i a   f i r s t   and  s e c o n d   c l a d d i n g   l a y e r s   114,   1 8 ) ;  

a  s e m i c o n d u c t i v e   c u r r e n t   b l o c k i n g   l a y e r   (20 )   of  t h e  

f i r s t   c o n d u c t i v i t y   t y p e ,   a  c h a n n e l   g r o o v e   ( 2 2 )   b e i n g  

f o r m e d   in  s a i d   c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 j   ana  s a i a  

10  s e c o n d   c l a d d i n g   l a y e r   ( 1 8 ) ,   to  be  deep  enough   to  c a u s e  

s a i d   c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 )   to  be  d i v i a e a   i n t o  

two  p a r t s ;   a  s e m i c o n d u c t i v e   w a v e g u i d e   l a y e r   ( 2 4 )   o f  

the  s e c o n d   c o n d u c t i v i t y   t y p e   f o r   c o v e r i n g   s a i d   c h a n -  

ne l   g r o o v e   ( 2 2 )   and  s a i d   c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 ) ,  

15  to  p r o v i d e   a  s l a b - c o u p l e d   w a v e g u i d e   s t r u c t u r e   f o r  

t r a n s v e r s e   mode  o s c i l l a t i o n ;   and  a  s e m i c o n d u c t i v e  

o v e r c o a t i n g   l a y e r   ( 2 6 ,   28)  of  the   s e c o n d   c o n d u c t i v i t y  

t y p e   f o r m e d   on  s a i d   w a v e g u i d e   l a y e r   ( 2 4 ) ,   c h a r a c -  

t e r i z e d   in  t h a t   s a i d   s e c o n d   c l a d d i n g   l a y e r   ( 1 8 ) ,   s a i d  

20  c u r r e n t - b l o c k i n g   l a y e r   ( 2 0 ) ,   and  s a i d   w a v e g u i d e   l a y e r  

(24 )   c o m p r i s e   a  compouno   s e m i c o n d u c t o r   c o n t a i n i n g  

a l u m i n u m   to  t h e r e b y   i m p r o v e   l a t t i c e   m a t c h i n g   c h a r a c -  

t e r i s t i c s   among  s a i d   s e c o n d   c l a d d i n g   l a y e r   ( 1 8 ) ,  

s a i d   c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 ) ,   and  s a i d   w a v e g u i a e  

25  l a y e r   ( 2 4 ) .  

2.  The  l a s e r   d i o d e   as  r e c i t e d   in  c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   s a i d   c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 )   c o n -  

t a i n s   a l u m i n u m   in  an  amoun t   l a r g e r   t h a n   t h a t   c o n t a i n e d  

in  s a i d   w a v e g u i d e   l a y e r   ( 2 4 ) .  

30  3.  The  l a s e r   d i o d e   as  r e c i t e d   in  c l a i m   2,  c h a r a c -  

t e r i z e d   in  t h a t   s a i d   c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 )   c o n -  

t a i n s   a l u m i n u m   in  an  a m o u n t   s u b s t a n t i a l l y   e q u a l   to  t h a t  

c o n t a i n e d   in  s a i d   s e c o n d   c l a d d i n g   l a y e r   ( 1 8 ) .  

4.  The  l a s e r   d i o d e   as  r e c i t e d   in  c l a i m   2,  c h a r a c -  

35  t e r i z e d   in  t h a t   s a i d   c h a n n e l   g r o o v e   ( 2 2 )   is   f o r m e d   i n  



-  17  -  0 2 1 4 5 3 4  

s a i d   c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 )   and  s a i d   s e c o n d   c l a d -  
d ing   l a y e r   ( 1 8 )   in  a  manner   so  as  to  have   a  b o t t o m  
p o r t i o n   whose  w i d t h   is   not   l a r g e r   t h a n   2  m i c r o m e t e r s .  

5.  The  l a s e r   d i o d e   as  r e c i t e d   in  c l a i m   2,  c h a r a c -  
5  t e r i z e d   in  t h a t   s a i d   s e c o n d   c l a d d i n g   l a y e r   ( 1 8 ) ,   s a i d  

c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 ) ,   and  s a i d   w a v e g u i d e   l a y e r  
( 2 4 )   c o m p r i s e   a  g a l l i u m   a r s e n i d e   s e m i c o n d u c t i v e   m a t e r i a l  
c o n t a i n i n g   a l u m i n u m .  

6.  The  l a s e r   d i o d e   as  r e c i t e d   in  c l a i m   5,  c h a r a c -  
10  t e r i z e d   in  t h a t   s a i d   s e c o n d   c l a d d i n g   l a y e r   ( 1 8 ) ,   s a i d  

c u r r e n t   b l o c k i n g   l a y e r   ( 2 0 ) ,   and  s a i d   w a v e g u i d e   ' l a y e r  
( 2 4 )   d e f i n e   a  f i r s t   r e f r a c t i v e   i n d e x   m e a s u r e o   at  t h e  
c h a n n e l   g r o o v e   ( 2 2 )   and  a  s e c o n d   r e f r a c t i v e   i n d e x  
m e a s u r e d   at  the   r e m a i n i n g   p o r t i o n   of  s a i d   l a s e r   d i o d e  

15  ( 1 0 ) ,   a  d i f f e r e n c e   b e t w e e n   the  f i r s t   and  s e c o n d   e f f e c -  
t i v e   r e f r a c t i v e   i n d e x e s   d e f i n i n g   an  e f f e c t i v e   r e f r a c t i v e  
i n d e x   which   is   s e t   to  be  l a r g e r   t h a n   6  x  1 0 ~ 3 .  

7.  The  l a s e r   d i o d e   as  r e c i t e d   in  c l a i m   2,  c h a r a c -  
t e r i z e d   in  t h a t   s a i d   s e c o n d   c l a d d i n g   l a y e r   (18)   has  a 

20  f i r s t   r e f r a c t i v e   i n d e x ,   w h i l e   s a i d   w a v e g u i d e   l a y e r  
(24 )   has   a  s e c o n d   r e f r a c t i v e   i n d e x   l a r g e r   t h a n   t h e  
f i r s t   r e f r a c t i v e   i n d e x .  

8.  The  l a s e r   d i o d e   as  r e c i t e d   in  c l a i m   7,  c h a r a c -  
t e r i z e d   in  t h a t   s a i o   o v e r c o a t i n g   l a y e r   ( 2 6 ,   28)  has  a 

25  t h i r d   r e f r a c t i v e   i n d e x   s m a l l e r   t h a n   the   s e c o n a   r e f r a c -  
t i v e   i n d e x .  
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